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PROVISIONAL SPECIFICATION 
No. 3634 A.D. 1938. 

Improvements in and relating to the Production of Coatings on Metal. 



\W. The Ptbbxe Company Limited, a 
('■mu:*mw organised under the laws of 
wn..^ 'Britain, of Orea* West Road. 
3rvni-ji>m. Middlesex, and Wilfred 
Jambs Clifford and He:>ey Hewakd 
Adams, both Briti-v. Subpctv. of tin* 
t '.uruianv^ address, do hereby declare the 
uaiiiiv of this invention, Io 1* -is 
fallows:— 

TIih invention relates to the production 
of phosphate Mid similar codings on 
ri!;-: al- i-i order to improve the r^sirftanee 
nf the inetals to corrosion, for ;nate:iev 
by t 'rating the metals with a solution of 



character of the compound. Thus a suit- 
able concentration is 0.1% when using 
nitromethane, nitrobenzene, wi-nitro- 
benzoic acid or picric acid, 0.2% when 
using nitroguanidiue, and 0.4% when 5a 
lifting nitrourea or hydroxylamine. 

Certain of the compounds, as indicated 
above, are capable of accelerating the 
coating operation to so great an extent 
that it may be effected in the cold. An GO 
example of such a compound is nitro- 
guanidine. Thus a cold solution of 
manganese phosphate bavins a normality 
N 



"T?i a hydroly.-iahle nitt-al phosphate. 



ot about. — free add fttctenTriiied b% 
loo 

titrating with the aid of methyl orange 65 
N 

indicator) and — total acid (determined 

5 

by titrating with the aid of phenol- 
phthaloin indicator) will not produce a 
coating on cleaned steel in an hour. The 
.addition of 0.3% of nitroguanidine to 70 
such a solution enables a coating to be 
obtained in 10 minutes. 

A further example of the use of nitro- 
suanidine. employing a hot solution, is 
ps follows. A zinc dihydrogen phosphate 75 

n 

solution with normalitv of about — free 

20 

acid (determined by titrating with the 

n 

aid of methvl oransre indicator) and — 

5 

tola! acid (determined by titrating with 
the aid of phennl-phthalein indicator), to 80 
which 0.2% of nitroguanidine has been 
:>ddcd ; will at 80° C. produce an adherent 
costing on cleaned <1eel in two minutes. 
In the absence of the nitroguanidine only 
a *oft non-adherent coating is produced in 85 
JO minutes. 

The solutions of the invention may be 
applied to the metal being coated in any 
suitable manner, for instance by spray- 
ix)? or immersion methods, and the inven- 90 
tion is applicable to coating not only 
with phosphate solutions, but also to 



'2*i 



|i has- now been found that iM»rt;'in 
iiui.jvimitU containing niirorrcn have the 
i.»op..Miy. w!i?n add*d io ;!«e coating 
-•ili«tion<. of very considerably aceelorot- 
•;:._T t| :t . rusting operation. hi N0»re cases 
ru *o 's-ai: :»n •>xton t '»h;'t 'he coa-tipg 
h;h ration r:**\ ho carried our ir the cold. 

nhi'nfrcn-eontainiiig com- 
•fi*:>i.l- -iv »»• -hided orranie mtrcMren 
. ,,. Mvmtids rn"l;Mtmii* oxygen, for in- 
,. r .,. nr ; ;Mii»- nitro coir- pound?. Kxamoics 
uiiTO compounds are nitro 
iv::iiv< < of rlipi»r-ii*» eo-nponud?*. such 
;-i toiU' tlT:?*-. »iitrourc:». iiirro- 
•Mi M»Miv ind i*ilinun lhane. and \-.iim 
d'-riv.rriv. - of aroni^t ic «*o»n;w»iu«h. :>uoh 
. - iii^-olj— I/.I-H-. /;/-, o-. or /i-nitrol>e:r'.oi'* 

• id :*nd ni.tif acid. Vet aunt iter 
,.^,:n:»!. of a Miiiahle nitrogen '•ompound 
i« m /.hoxv.'arnh.e. 

'fin- ji:iro*i.*r.-*.»opr.'-iiV':ig compound it- 
.!!" . .,v li.- :nlded io tj'C r^iu,^ *o!u- 
r...,« •»:• ;nay bo add«.-d t\ vo:ui;om:::1 

v. : i. !- «-*a:p:i-»^ or svavlr. ui Hie iolu- 
v. i*:: . ior;;i;%t : i.;j of l]\v «i^sjj-ed 
-'•••'»i:»ii«iu , j i-o:i: pound. « r .*:iu in 
-i.. 5- is al*is of s-ilvaiitnge to add 
Hi. : ,inv5v. If dc-ir^ct. copper. 
t:\:i:*i- in fo»*ni of <^»pper 

'* li- adiltd lo the soln- 

mVr to a^>i;f rh^ acccierat-inir 

• t'ur of :!!t!v.«ieu-voiitai!:ir*i com- 
tH>»i.wi | iv 'sent . 



.ii.ii 



■t ■ 



I iic :;:ian*iiy m !-iirnji«"ii-cvm .miiihj; 
>U «imj«M»r.d required depends upon the 
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coating with other solutions which may 
bo employed for improving the resistance 
of ferrous and other metals to corrosion. 
Examples of such solutions are those 
containing the acid radical of an 
aliphatic dicarboxylic or hydroxy-di- 
carboxyiie acid or of an aromatic 
carboxyiie, phenolic-carboxyiic or sul- 



phonic acid, e.g. solutions containing 
oxalic, nialonic, tartaric or gallic *vcicL 

Dated this 4th day of February, 193S. 
For the Applicants : 
GILL, JENNINGS & EVKRY, 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.G2. 
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PROVISIONAL SPECIFICATION 
No. 2901 A.D. 1939. 

Improvements in and relating to the Production oi Coatings on MetaL 



We, The Pyrbne Company Limited, a 
Company organised under the laws of 
Great Britain, of Great West Road, 
Brentford, Middlesex, Wilfred James 
15- Clifford and Heney Seward Adams, 
both British subjects, and of the Com- 
pany's address, do hereby declare the 
nature of this invention to be as 
follows : — 

20 This invention relates to the production 
of phosphate and similar coalings, as 
defined below, on iron, steel and other 
metals in order to improve the resistance 
of the metals to corrosion or to provide 

25 a corrosion-resisting base for paints. By 
coatings similar to phosphate coatings is 
meant coatings produced with solutions 
containing the acid radical of an 
aliphatic dicarboxylic or hydroxy- 

30 dicarboxylic acid or of au aromatic 
carboxyiie, phenolic-carboxyiic or sul- 
phonic acid, e.g. solutions containing 
oxalic, malonic, tartaric or gallic acid. 
The eoating solutions may be applied in 

35 any suitable manner, for instance by 
spraying, brushing, flowing or immersion 
methods. 

Certain substances capable of accelerat- 
ing the production of phosphate and 

40 similar coatings on metals are described 
in British Specification No. U634 /38. 

It has now been found that the action 
of phosphate coating solutions or of the 
other coating solutions defined above 

45 can be accelerated by incorporating in 
the solution a compound in which there 
is directly attached to hydrogen or a 
hydrocarbon residue, which may be sub- 
stituted or unsubstituted, a non- ionic 

50 group which, if substituted into a 
benzene ring, would have a meta-directing 
influence to typical electrophilic re- 
agents, i.e. reagents which when caused 
to react with phenol attack the ortho and 

55 para positions preferentially or when 
caused to react with nitrobenzene attack 
the meta position preferentially, as for 
instance do nitric acid and sulphuric 
acid. By a non-ionic group we mean 

60 for the purposes of this specification a 



group which neither ionises into two 
parts in aqueous solution (as for in- 
stance do the carboxyl group — COOH, 
the sulphonic acid group — -SO3H and the 
arsonic acid group — As0 3 H 2 , and the - 65 
corresponding salts obtained by re- 
placing ionisable hydrogen in these 
groups by a cation), nor is a derivative 
group obtained by modifying the 
hydroxyl of an acid group (as for instance 70 
are the ester group — COOCH 3 and the 
acid amide group — CONHJ, whether 

suoh derivative group ionises or not. It 

must be observed that what lias been ~ 
stated above excludes from tlie present 75 
invention the tri- and tetra-alkyl 
ammonium compounds, for while a 
group such as — NR 3 X (where R is &n 
alkyl group and X an anion) is mcta- 
directing towards electrophilic reagents SU 
when substituted in the benzene ring, 
the compounds in which this group is 
attached to hydrogen or a hydrocmbon 
residue R, forming HJSR 3 X and NitjX 
respectively, ionise in aqueous solution 80 
by dissociation of the group in question. 
Similarly the compound (CH 3 ) 3 itf=:0 is 
also excluded, for in the presence of 
water (as in a coating solution) this is 
converted to the base (CH 3 ) 3 N(OH) 2> and 90 
the group — N(CH 3 )o(OH) 2 ionises" with 
the liberation of hydroxy 1." It might bo 
added that where a reference to ionising 
is made above this is intended to refer 
to the property of producing an aqueous 95 
solution easily detectable concent rations 
of oppositely charged ions, as for 
example when a salt or an acid sui-h as 
acetic or hydrochloric acid is dissolved in 
water, and 'hot to include iiifiiiitesimal, 100 
incipient or slow ionisation such as is 
considered to occur when, for example, 
tertiary butyl chloride is dissolved in 
water and undergoes slow hydrolysis by. c 
chemical mechanism believed to involve 105 
the slow formation of Cl~ and (CH 3 ) : C + 
ions. 

The non-ionic groups included in the 
invention are such groups as nitro, 
nitroso, trichlormethyl and aldehyde 110 



groups ir 
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groups. Thu-> on ^^pnpting io intro- 
duce further nitro groups into the benzene 
ring of nitrobenzene, the meta positions 
in the ring are the most susceptible to 
attack, as is well known. 

By the use of the accelerating com- 
pound* of the invention it is possible to 
reduce the time taken by the coating 
solution to form a complete coating, or 
to reduce the temperature, or to obtain a 
better coating in a given time tuidcr 
given conditions than if the compound 
w ere not. present. 

Certain of the accelerators which may 
be employed accordiug to I he invention 
contain groups which, although it is 
believed that they would tend to have a 



— N+ 



\h- 



meta-directing inllueuc^^r the liciizeuc 
ring to elect rophilic reagents, aetimlly do 
not readily form phenyl compounds or 1*0 
l>erhaps form with the phenyl radical 
compounds which are not sufficiently 
stable for other snbstituents to be intro- 
duced. 

Another definition of compounds wluch 25 
may be employed according to the inven- 
tion is therefore compounds in which 
there is directly attached to hydrogen or 
a hydrocarbon residue a non-ionic group 
which if it were introduced into a benzene 30 
ring would be electron-attracting. Thus 
in the nitro, aldehyde and triehlormethyl 
groups the distribution of charges is as 
follows : — 

A 



\ 



Cr- 



Tlio positive charges on the nitrogen 
;:ton! in the case of the nitro group and 
I In- carbon atom in each of the other two 
■*a>-es renders the»e atoms electron- 
Jo itttracling. This electron-attracting 
quality probably aeeonnts Tor the meta- 
dirccting influence of these groups in the 
Inn/cue rin if. 

It micdit lie at hied here that in principle 

H ;i derision could be reached in any given 
ra-ii* whether a group when introduced 
into a benzene ring would be eleotron- 
.'tlnrtins: or not with respect to the 
Im-hz-mi* rinu, even if in practice the 

.v» -jtoup could not lie introduced into • lie 
»r ii/.i-u*-. riiiu without prohibitive e.xperi- 
m« ut.;l difficulty, or. if <*upablv of being 
imroduecd intu a benzene ring, the com- 
jMMiud < fin Id not in practice be further 

.v> miIm it m t-« I successfully. 

t)n»- «•!' the accelerating groups of the 
in;i!:Mnit i> the amine oxide croup 
— X H : O. Incidentally, whilst it is be- 
liVvedliiat lite compound C ti Ii 5 — NH.. 
uoiild teij'i to snb<tilute in the ineta 
fMi*iiin|,. iii ;>..■! ual fart this tatitomcrise* 
puitl;. :;t least to uive the form 
C,;H I Xll.nll. which is ortho-para- 
diivetiivj. Hydroxylamiue is an aecelerat- 

IL~ im; coui|Hiuud included in the invention, 
and may be assumed to accelerate owing 
i«» it > existing partly at least in the amine 
oxide form. 

Whin- tin* charaiterNtir or accelerating 

7n -.'roup i< attached to a hydrocarbon 
re>iiliie. the residue may be substituted (in 
fa i-t all of the hydrogen atoms of the 
residue may bp replaced), hut it must of 
«inir.~e not eontain substituent atoms or 

17* groups which i!«-«trov \'m- :*••««' k rating 
effect. Thus -muir-. groups such 



as hydroxy, pnmai*y-amino and moroapto 
groups, having the opposite properties of 
those defined above, i.e. atoms or groups 
which induce ortho-para substitution to 80 
elect rophilic reagents or possess an elec- 
tron-repelling influence in a benzene ring. 
frequently have a de -accelerating effect, 
and by substituting into one of the acceler- 
ators of the invention sufficient of these 8fi 
de-accelerating groups the accelerating 
effect may be destroyed. In some cases at 
least the presence of a single de -accelerat- 
ing group is not sufficient to destroy the 
acceleration, for the nitrophenols and 90 
nitraniiines are accelerators. Again, 
more than one accelerating group may he 
attached to the hydrocarbon residue, 
as in the case of /w-dinitro benzene 
(which contains an accelerating nitro 95 
group attached to a nitro-substitutcd 
phenol group), and in such cases it 
would lie more difficult to destroy 
the accelerating effect of t he compound by 
introducing de-accelerating groups. Inei- 100 
dentally, the effect of any given de- 
accelerating group in a compound depends 
upon the compound itself, quite apart 
from the accelerating groups present. 
Thus although TMiitrosophenol is an 105 
accelerator and the hydroxy group does 
not destroy the effect of the nitroso group 
(although it may reduce it) the compound 
'/-nitroso-yS-naphthol is not an accelerator, 
probably on account of the fact that the 110 
additional ring assists the hydroxy jjroup 
in overcoming the effect of the nitroso 
group. Moreover, the mononitroresoreinols 
are accelerators in spite of the fact that 
they contain two hydroxy groups. 115 

Certain of the accelerating compounds 
of the invention arc liable to become 
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decomposed in the course of the coating 
-with the production of de-accelerating 
compounds. Such is the case with nitro- 
benzene, for instance, which is liable to 

5 be reduced by the hydrogen liberated in 
the coating process with the production of 
aniline, a de -accelerating compound on 
account of the presence of the ortho-para- 
directing amino group. This is theoretic- 

10 ally a disadvantage with all nitro groups, 
wbich tend to reduce to amino groups. If 
the accumulation of the de-accelerating 
compound becomes serious, the disadvan- 
tage can sometimes be overcome by iucor- 

15 porating a nitrate in the coating solution. 
In some cases the nitrate is reduced to 
nitrite and the nitrite reacts with the 
amine to form a volatile hydroxy -com- 
pound which escapes from the solution. In 

20 some cases, again, the reduction products 
of the nitro compound are not deleterious. 
Thus nitroguanidine on- reduction yields 
ammonia and carbon dioxide, and nitro- 
methane yields methylimine, which for 

25 some reason has little or no de-iiccelerat- 
ing effect. 

Examples of the accelerating eom- 
pounds defined in the preceding para- 



In the compounds defined above con- 
taining a hydrocarbon residue, substituted 
or unsubstituted. and an accelerating 
group the group is attached directly to the 
residue. It has been found that com- 
pounds in which the accelerating group Is 
attached to the residue not directly but 
through the agency of a single nitrogen 
atom have an accelerating effect aL*o, and 
the above remarks on the presence of dfc- 
accelerating groups apply here also. In 
general the structure of these accelerating 
compounds will be of the type R.NH.X, 
where R is the substituted or un- 
substituted hydrocarbon residue and X is 
a nitro or other accelerating group, 
although the hydrogen atom attached to 
the nitrogen may itself be substituted, 
for instance by a methyl or other alkyl 
group. Examples of the aceel*»n>.tin2 
compouuds referred to* in this pn,ra^i*i|;L 
/NH.N0 2 

are nitrourea CO< , in which 

\NHo 

the accelerating group is the nitro croup 
and the hydrocarbon residue CH 3 — con- 
tains as substituents an oxygen atom 
and an amino group, nitroguanidhie 



05 



7» 



To 



85 



•NH.NO. 



graphs are nitromethane, nitro benzene. 
30 o-, m- and p-nitrophenols, o-, m- and p- 
nitranilines. o-, m- and />-nitro benzoic 
acids and picric acid, in which the accel- 
erating group is the nitro group, p- 
1 1 it rosophenol ai id p-nit rosodiniet hy 1- 
35 aniline, in which the accelerating group 
is the nitroso group, hydroxylamine, in 
which the accelerating group is the amine 
oxide group (for hydroxyalmine reacts 
partly at least in the form H.NrI 2 -0), 
40 formaldehyde (introduced in the form of 
paraformaldehyde, for example) and benz- 
aldehydts, in which the accelerating group 
is the aldehyde group, and trichloracetic 
acid, in which the accelerating group is 
45 the trichlormethyl group, and this is 
attached to a methyl group substituted by 
an oxygen atom and a hydroxvl group to 

give the grouping Other 

examples are esters of trichloracetic acid, 
50 e.g. ethyl trichloracetate. Yet another 
example "is chloral, CCl 3 .CHO, which may 
be regarded as a trichlormethyl group 
attached to a methyl group substituted to 
give the aldehyde grouping — CHO, or an 
55 aldehyde group attached to a trichlor- 
methyl group, and thus falls into two of 
the above classes. 

In genoral, the accelerating compound 
may if desired be introduced into the coat- 
60 ing solution by the addition of a substance 
which decomposes or reacts in the solution 
with the formation of the desired acceler- 
ating compound. 



NH 



" C \nh* 



which is a similar 00 



compound in which an NH= group is pre- 
sent instead of the oxygen atom, and. nitro- 
urethane CoH 3 OOC.NH.NOo and nitroso- 
N-methylurethane C 2 H s Otf C.K(CH 3 ).N0 ; 



95 

in which the ester grouping O 2 H 5 0/ 
is substituted into the hydrocarbon 
residue CH 3 — . 

The optimum concentration of the 
accelerating compound in the coating 
solution differs with different compounds, 10" 
but in the case of phosphate coating 
solutions is in general from about 0.01% 
to 0.4% by weight of the solution. Too 
much or too little of the accelerating 
compound may be detrimental to good 10;") 
results. Furthermore, even at optimum 
concentrations all compounds do not give 
the same accelerating effect. It appears 
probable in many cases that with a given 
accelerating group the smaller tlie mole- 110 
-erde the more efficient tho accelerating 
action at optimum concentration, while 
in the case of de-accelerating groups the 
smaller the molecule the less the de- 
accelerating action, but this is by no 115 
means certain. The optimum concentra- 
tions and efficiencies at optimum con- 
centration of various compounds which 
may be employed according to the in- 
vention are given in the following table, 120 
the results being arrived at by adding 
the compound to a solution of zinc di- 
hydrogen phosphate having a. normality 
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of — free aeid (determined by titrating 

with the md of methyl orange indicator) 
X 

and — total acid (determined by titrat- 
5 

in?: willt the aid . of pkenoi-piithaiein 



itm^^"" 



indicator) and treatin^^J cleaned .steel 
sheet for 2 minutes at 80° C. The cleaned 
steel sheet referred to here and in the 
examples given below is a steel sheet in 
its original bright rolled condition 
rendered substantially free from grease 
by wiping with clean white spirit. 
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Substance. 



Picric acid 
lii Xitroguanidine 

Hydroxylamine 

Trichloracetic acid 

Nitrobenzene 

Nitrnmethane 
2o Nit rourethane 

Nit roso-N-met hylu rothane 

o-Nitraniline 

///- or 7>-Nitraniline 

//>- or p-Nitrophcnol 
i"i /^nitroso-dhncthylaniiine 

Xitrourca 

m- Nit ro benzoic acid 
o-Xitrophenol 
Rpn7i» Idcliyde 
-^u — Kimfontwkk'lmV 



Optimum 
Concentration. 



0-1% 

0.2% 

0.3% 

0.05% 

0.1% 

0.1% 

0.2% 

0.2% 

0.05% 

0.04% 

0.04% 

0.04% 

0.4% 

0.1% 

0.1% 

0.2% 

0.2% 



Efficiency. 



Very Good 



Good 



Slight, acceleration 



Very slight- .acceleration 



/i-Nhrosnttliciiol 
• 1il.ir.il 



0-4% 
0.2% 



)) it 



\Yliilf I lit- compounds of Hie invention 
i.:.;y '»•• ;!:«• only aocvloratnrs present in 
tI». .si;itin^ bath. they may also !**. 
••••tiilowrl in rou.j unction with other 

l-ntinrs, for in>tance metallic 

i. nifi-ir* *'i»*h copper roiiipoimds. 

M\ii|i-in- : ;<«Tonr .ioco|..r:»iors su««|i as 
' S i»r::ii*< or nil rites. The presence of 

• itiipti inn* appears to promote heavier 

i!ark>. >' •••livrjntf.*. and tin- pr»-:rnc»* of 

• siii siicli xisic nil raft- appeAr^ to 
o- . *'iuhi further acceleration. 

l ie- invention i= illustrated by I he 
r«ill««v.ji:*j ••vimples :~ 

Examtt.e I. 
A ••It-.iiM-it «!eol shoot *an hf s«io.\=>.- 
;nM«- •-•#-•»«*■ I with phosphate eoaiiii»i by 
»»if:j H ;«t ;» ie::iperature of from lo 
: «. >•» i*. with a "dilution of zinc or 
a- • i ilih**ilro^en niin^phair. of 

X 

• •u.—-iiir.8ii#i:i — uijni dMernuned using 

•i 

•.|.p!;!h:-.lr in a> indicator, i-nntainins 
m.o.V . i if •u'm'jiMfiidiii**. 

\ *|i d -i-i! »t.»i bo micc» ss- 

N 

fully on.:ted by treating it with an — 



solution of zinc dihydrogen phosphate 
(determined by phenol-phthalein) con- 60 
tuning 0.4% of hydroxylamine, at i\ 
tempo rat u re of SO 3 C 

Example 3. 
A clean steel sheet can be successfully 
coated by treating it at a temperature of 65 

lfr to 80* C. with an — solution of 

f> 

manganese dihydrogen phosphate (deter- 
mined by phenol-phthalein) containing 
0. t% hydroxylamine. 

If in any of the above examples 70 
0.001% of copper (calculated as the 
metal) is added to the solution, for in- 
stance in the form of the nitrate or 
carbonate, a darker and slightly heavier 
coating is obtained, and the addition of 75 
zinc nitrate results in a slight further 
acceleration. 

Dated this 27th day of January, 1930. 

For the Applicants : 

GILL, JENNINGS & EVERY, 
Chartered Patent Agents. 
51 /52, Chancery Lane, London, W.C.2. 
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COMPLETE SPECIFICATION 

Improvements in and relating to the Production of Coatings on Metal 



We, The Pybenb Company Limited, a 
Company organised under the laws of 
Great Britain, of Great West Road, 
Brentford, Middlesex, Wilfred Jambs 
5 Clifford and Henry Reward Adams, 
both British subjects, and of the Com- 
pany's address, do hereby declare the 
nature- of this invention and in what 
manner the same is to be performed, to be 

10 particularly described and ascertained in 
and by the following statement : — 

This invention relates to the production 
of phosphate and similar coatings, as 
denned below, on iron, steel and other 

15 metals in order to improve the resistance 
of the metals to corrosion or to provide 
a corrosion -resisting base for paints. By 
coatings similar to phosphate coatings is 
meant coatings produced with solutions 

20 containing the acid radical of an 
aliphatic dicarboxylic or hydroxy- 
dicarboxylic acid or of an aromatic 
ca rboxy li c , — phenolic. carboxy lie — or — suL 



— CONHJ, whether such derivative group 
ionises or not. It must be observed that 
what has been stated above excludes from 
the present invention the tri- and tetra- 
alkyl ammonium compounds, for while a 65 
group such as — NK 3 X (where R is aa 
alkyl group and X an anion) Ls meta- 
direeting towards- electrophilic reagents 
when substituted in the benzene ring, the 
compounds in which this ^roup is 70 
attached to hydrogen or a hydrocarbon 
residue R, forming HNB 3 X and NK 4 X 
respectively, ionise in aqueous solution by 
dissociation of the group in question. 
Similarly the compound (CH 3 ) 3 N = O is 7 5 
also excluded, for in the presence of 
water (as in a coating solution) this is 
converted to the base (CK 3 ) 3 N(OJi) s> and 
the group — N(CH s ) 3 (OH) 2 ionises with 
the liberation of hydroxyl. It might be 80 
added that where a reference U> ionising 
is made above this is intended to refer 
to the property of producing in — aqueous 



phonic acid, e.g. solutions containing 
25 oxalic, malonic, tartaric or gallic acid. 
The coating solutions may be applied in 
any suitable manner, for instance by 
spraying, brushing, flowing or immersion 
methods. 

30 According to the invention, the action 
of phosphate coating solutions or of the 
other coating solutions defined above is 
accelerated by incorporating in the solu- 
tion a compound in which there is 

35 directly attached to hydrogen or a hydro- 
carbon residue, which may be substituted 
or unsubstituted, a non-ionic group 
(other than a cyanide or isocyanide 
group) which, if substituted into a 

40 benzene ring, would have a nieta- 
directing influence to typical electro- 
philic reagents, i.e. reagents which when 
caused to react with phenol attack the 
ortho and para positions preferentially or 

45 when caused to react with nitrobenzene 
attack the meta position preferentially, 
as for instance do nitric acid and 
sulphuric acid. By a non-ionic group 
we mean for the purposes of this speci- 

50 fication a group which neither ionises 
into two parts in aqueous solution (as for 
instance do the carboxyi group — COOH, 
the sulphonic acid group — -S0 3 H and 
the arsonic acid group — As0 3 H 2 , and the 

55 corresponding salts obtained by replacing 
ionisable hydrogen in these groups by a 
cation), nor is a derivative group obtained 
by modifying the hydroxyl of an acid 
group (as for instance are the ester group 

60 — COOCH 3 and. the acid amide group 



solution easily detectable concent ration* 
of oppositely charged ions, as for « xanipic <S5 
when a salt or an acid such as it 1 -otic or 
hydrochloric acid is dissolved in water, 
and not to include mnnitcsimal, incipient 
or slow ionisation such as is considered 
to occur when, for example, tertiary 90 
butyl chloride is dissolved in water and 
undergoes slow hydrolysis by a, cheinicai * „ 
mechanism believed to involve 1>he slou 
formation of Cl~ and (CH 3 ) 3 C+ ioris. 

The hon-ioniu groups included in the 95 
invention are such groups a,s nitro. 
nitroso, trichlormethyl and aldehyde 
groups. Thus on attempting to intro- 
duce further nitro groups into the benzene 
ring of nitrobenzene, the meta positions 100 
in the ring are the most susceptible to 
attack, as is well known. 

By the use of the accelerating com- 
pounds of the invention it is possible to 
reduce the time taken by the> coating 105 
solution to form a complete coating, or 
to reduce the temperature, or to obtain a 
better coating in a given time under 
given conditions than if the compound 
were not present. 110 

Certain of the accelerators wliicli may 
be employed according to the invention 
contain groups which, although it i* 
believed that they would tend "to have a 
me ta-di reeling influence in the benzene 115 
ring to electrophilic reagents, actually do 
not readily form phenyl compounds or 
perhaps form with the phenyl radical 
compounds which are not "sufficiently 
stable for other substituents to be intro- 120 



20 



4" 



..n 



duced. 

Another definition of compounds which 
may be employed according to I he inven- 
tion is therefor** compounds in which 
then? is directly attached vo hydrogen or 
a hytlrucarbon residue a non-ionic group 



(other than a cymms or hsocynnide 
group) which if it were introduced into a 
benzene ring would be eleetron-attnu!th: k u. 
Thus in the nitro, aldehyde and in« 
chloromethyl groups the distribution of 
charges is as follows : — 



10 



\ 



H- 



— C+— ci- 

V 



The j>ositive charges on the nitrogen 
atom hi the case of the nitro. group ;md 
the carbon atom in eacii <»f the other two 
cases renders these atoms electron- 
attracting. This electron-attracting 
quality probably accounts for the meta- 
directing influence of these groups in the 
benzene ring. 

It might bo added here that in 
principle a decision could be rescue ti [ : \ 
any given case whether a group when 
introduced into a benzene ring would be 
rlectron -attracting or not with respect lo 
the benzene ring, even if in practice the 
group could not lie introduced into the- 
benzene ring without prohibitive- experi- 
mental difficul ty, or. if capable* of being 



introduced into a benzene ring, the coin- 
pound could not in practice be further 

* u b»t i t u t cd s i teccssf u I ly . 

One of the accelerating groups of the 
in wnt ion is the amine oxide group 
— XH«=0. rncidentally. while it is be- 
Im vrd that !he compound — XH..^u 
ttiMiH tend to substitute in tJie n":eta 
|HiHj(inii. jit actual fact thi* tautoii:eT)>cs 
partly at lea^t to «.«ive the form 
i . ; lli.XK.011, whieli j> ortho-para- 
din-t-liuL:. Hydroxy famine i»: an e-er-elcrat- 
hig compound included in the inven- 
tion, and may be assumed to accelerate 

• •winu to its existing partly at least in 
tie- amine oxide form. 

Where the characteri>!ic or accelerating 
•jroup is attached to ;i hvdrorarhon 
n *idiu*. fiiv residue may be .substituted fit: 
ta-i nl! or" lire hydm^en atoms of the 
residue may be replacidj, bill it must of 
toiir^e not contain snb-titiient atoms or 
n Mips which destroy the accelerating 
••ftWt. Thus atom*, or groups such 
a> hydroxy, primary -amino and uiemipto 
group>. having the op[M^ite properties of 
those dffineel abo\e. i.e. atoms or groups 
whieli induce ortho-par.i substitution to 
•dirt rophi lie ivagenls or |K>s>e*s an elee- 
trnii-rcpcllin^ intim-iice in a beiizenc ring, 
frequently have a th -accelerating effect, 
;md by substituting into one of the acvelcr* 
at or* of the invention sufficient of these 



least the presence of a single de-aecelerat- 
iug group is not sufficient to destroj- the 
acceleration, for the iritrophcnols" anei 
nitiwnilmes are accelerators. Again., 
more than one accelerating group may be 7(1 
attached to the hydrocarbon residue, 
as in the e:;ise of m-dinitrobenzene 
(which contains an accelerating nitro 
group attached to a uiiro-substitutetl 
phenyl group), and in such cases 75 
it would be more difficult to destroy 
the acet [crating effect of the compound by 
introducing de-accelerating groups, fne-i- 
eieiUally. the effect of "any given de- 
acce.leratimr group in a compound depends 8U 
upon the e'ompound itself, quite apart 
from — the — acce l erating — groups — present . 



ele-acceleratiiej 



• Hip* 



I a ting 



t>f> effect may be de-si :»»y.d. Li miuie cases at 



Thus although yMiitrosophenoI is an 
accelenitor and the hydroxy group does 
not destroy the effect of the* nitrosej group 85 
(although it may reduce it) the compound 
»-nilroso-£-naphthol is not an accederator. 
probably em account of the fact that the 
additional ring assists the hydroxy group 
in overcoming the effect of the* nitroso OU 
group. Moreover, the memonitroresoreinols 
are accelerators in spite of the fact that 
they contain two hydroxy groups. 

Certain of the aeevlerating compounds 
of tin- invention are liable to become !tt 
deeoniposeel in t lie course of Hie coat hi" 
with the production of de-accelcratinL' 
compounds. Such is the case with nitro- 
benzene, tor instance, which is liable to 
be reduteel by the hydrogen liberated iii Km 
thr coaling proerss with the production of 
aniline, a dc -accelerating compound on 
account of the presence of the ortho-pant - 
directing amino group. This is theoretic- 
ally a disadvantage with all nitro groups. 10a 
which tend to reduce to annuo groups. If 
the accumulation of the de-accelenitin«r 
compound becomes serious, the disadvan- 
tage can sometimes be overcome by ineor- 
(>orating a nitrate, in the coating solution. 110 
in some cases the nitrate is reduced lo 
nitrite and the nitrite reacts with the 
amine to form a volatile hydroxy-com- 
pound which escapes from the solution. Iu 
some eases, again, the reduction products 11a 
of the nitro compound are not deleterious. 
Thus nitroguanidine on reduction yields 



8 



510,684 



10 



ammonia and carbon dioxide, and nitro- 
methane yields methykmine, which for 
some reason has little or no de-accelerat- 
ing effect. 

Examples of the accelerating com- 
pounds denned in the preceding para- 
graphs are nitromethane, nitrobenzene, 
o-, m- and p-nitrophenols, o-, m- and p- 
rutranilines, o-, m- and p-nitrobenzoic 
acids and picric acid, in which the accel- 
erating group is the nitro group, j?- 
nitrosophenol and p-mtrosodimethyl- 
aniline, in which the accelerating group 
is the nitroso group, hydroxylamine, in 
15 which the accelerating group is the amine 
oxide group (for hydtoxylamme reacts 
partly at least in the form H.NH a =0), 
formaldehyde (introduced in the form of 
paraformaldehyde, for example) and benz- 
aldehyde, in which the accelerating group 
is the aldehyde group, and trichloracetic 
acid, in which the accelerating group is 
the trichlormethyl group, and this is 
attached to a methyl group substituted by 
25 an oxygen atom and a hydroxyl group to 



are nitrourea CO< 



in which 



NH«C< 



which is a similar 



20 



give the grouping 



Other 



examples are esters of trichloracetic acid ? 
e.g. ethyl trichloracetate. Yet another 
example is chloral, CCl 3 .CHO, which may 

30 be regarded as a trichlormethyl group 
attached to a methyl group substituted to 
give the aldehyde grouping — CHO, or an 
aldehyde group attached to a trichlor- 
methyl group, and thus falls into two of 

;>5 the above classes. 

In general, the accelerating compound 
may if desired be introduced into the coat- 
ing solution by the addition of a substance 
which decomposes or reacts in the solution 

40 with the formation of the desired acceler- 
ating compound. 

In the compounds defined above con- 
taining a hydrocarbon residue, substituted 
or unsubstituted, and an accelerating 

45 group the group is attached directly to the 
residue. It has been found that com- 
pounds in which the accelerating group is 
attached to the residue not directly but 
through the agency of a single nitrogen 

50 atom hare an accelerating effect also, and 
the above remarks on the presence of de- 
accelerating groups apply here also. In 
general the structure of these accelerating 
compounds will be of the type R.NH.X, 

55 whvre R is the substituted or un- 
substituted hydrocarbon residue and X is 
it nitro or other accelerating group, 
although the hydrogen atom attached to 
the nitrogen may itself be substituted, 



for instance by a methyl or other ulkyi 
group. Examples of the accelerating 
compounds referred to in this paragraph 
/NH-NOs 

\nh 2 

the accelerating group is the nitro group 
and the hydrocarbon residue CH 3 — con- 
tains as substituents an oxygen atom 
and an amino group, nitroguaoaidine 

"\nh. 

compound in which an NH= group is pre- 
sent instead of the oxygen atom, aid nitro. 
urethane e«H 3 OOC.NH.NO« and nitroso- 
N-methylurethane C«H 5 O0C.N(GrI 3 ) .NO. 

o\ 

in which the ester group CoH s O/ 
is substituted into the hydrocarbon 
residue CHj— . 

The optimum, concentration of the 
accelerating compound in the coating 
solution differs with different compounds, 
but in the case of phosphate coating 
solutions is in general from about 0.01% 
to 0.4% by weight of the solution. Too 
much or too little of the accelerating 
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compound may be detrimental to good 
results. Furthermore, even at optimum 
concentrations all compounds do not give 85 
the same accelerating effect. It appears 
probable in many cases that with a given 
accelerating group the smaller the mole- 
cule the more efficient the accelerating 
action at optimum concentration, while 00 
in the case of de-accelerating groups the 
smaller the molecule the less the rtr- 
accelerating action, but tbis is by no 
means certain. The optimum concont ra- 
tions and efficiencies at optimum, con- 93 
centration of various compounds "which 
may be employed according to t-lie in- 
vention are given in the following table, 
the results being arrived at by deling 
the compound to a solution of zinc di- 100 
hydrogen phosphate having a normality 
N 

of — free acid (determined by titrating 
20 

with the aid of methyl orange indicator) 
N 

and — total acid (determined by titrat- 
5 

ing with the aid of phenol-plrthalein 105 
indicator) and treating a cleaned steel 
sheet for 2 minutes at 80° C. The . cleaned 
steel sheet referred to here and in the 
examples given below is a steel sheet in 
its original bright rolled condition 110 
rendered substantially free from grease 
by wiping with clean white spirit. 
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Substance. 



Optimum 
Concentration. 



Efficiency. 



Picric acid 

Nitrognanidine 
5 Hydroxyiamine 

Trichloracetic acid 

Nitrobenzene 

Nitromethane 

Nitrourethane 
10 Nitroso-N-methylurethane 

o-Nitraniline 

m- or D-Nitraniline 

m- or jp-Nitrophenol 

/>-nitroso-dimethylaniline 
15 Nitronrea 

m-Nitrobenzoic acid 

o-Nitrophenol 

Benzaldeliyde 

Paraformaldehyde 
-0 p -Nitrosophcnol 

Chloral 

While the compounds of the invention 
may Ije the only accelerators present in 
the routine bath, they may also be 
-."> employed in conjunction with other 
accelerators, for instance metallic 
acce l erators such — as copper compounds. 



o.i% 

0-2% 
0.3% 
0.05% 



0.1% 

0.2% 

0.2% 

0.05% 

0.04% 

0.04% 

0.04% 

0.4% 

0.1% 

0.1% 

0.2% 

0.2% 



Very Good 



Good 



Slight acceleration 



Very slight acceleration 



Example 1. 

This is an example of the use of 
nitroguanidine to accelerate a coating 
operation to so great an extent that it can 
be effected in the cold. 

A cold s olution of manganese phos- 



or uxidising agent accelerators such as 
nitrates or nitrites. The presence of 

:iu copper ions appears to promote heavier 
and darker routing?, and the presence of 
nitrate such as zinc nitrate appears to 
sive a sunlit further acceleration. It 
*hiiuld be added here that the normal 

formula for nitrous acid is H — O X^O 

in which hydrogen is attached to the 
ml lite znmp — O— N = 0, and this does 
iiiii tail within the definitions of accelerat- 
niir compounds -riven earlier in this 

4'> ~i*ri>inVaiion. for in the benzene riim the 
nil rite irnmp is not nieta-dircctins to 
• hM frophihV reagents, and is not electron - 
.tftnii-finsr. However, as the formula of 
nitron.- arid may he represented as 

4.-. Il-.y/ , i. c . 

^rnup. ur wish to make it clear that we. 
•In not jnnhirh. j n the claims the use of 
nit mm .will as the said accelerating 
'«ini|H»uml. although nitrons acid may be 
"»u on mm: in addition to the said com pound, 
a- viill i-lrar from the above reference 
:o r|,f u<.. ,,r nitrites in .uhlition to the 
.i«»*i |.T.ititi^ ffiiupoiimU of the invention. 



N 
1(H) 



as including a nitro 



tVrtuin itf the awlr rating compounds 
<>i the invention arc so effective that 
coating cm be produced from phosphate 
^iIution< containing them in the cold, as 
the cas*- with iiitrognanidine. 
The invention is illustrated by the 
following examples : — 



phato having a normality of about 

free acid (determined by titrating with 
the aid of methyl orange indictor) and 

— total acid (determined by titratins 70 

with the aid of phenol-phthalein in- 
dictor) will not produce a coating on a 
cleaned steel sheet in an hour.' The 
addition of 0.3% of nitroguanidine to 
such a solution enables a coating to be 75 
ohtaincd in 10 minutes. 

Example 2. 

This is an example of the use of 
nitroguanidine in a hot solution. 

A zinc dihydrogen phosphate solution 80 

with normality of about — free acid 

20 

(determined by titrating with the aid of 

N 

methyl orange indicator) and — total 

5 

acid (determined by titrating with the aid 
of phenol-phthalein indicator), to which 85 
0.2% of nitroguanidine has been added, 
will at 80° C. produce an adherent coat- 
ing on a cleaned steel sheet in two 
minutes. In the absence of the nitro- 
guanidine only a soft non-adherent coat- 90 
ing is produced in 10 minutes. 

Example 3. 
A cleaned steel sheet can be success. 
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folly coated with a phosphate coating by 
treating it at a temperature of from 15 
to 80° C. with a solution of zinc or 
manganese dihydrogen phosphate, . of 
N 

5 concentration — when determined using 
5 

phenol-phthalein as indicator, containing 
0 . 05% of nitroguanidine. 

TfarAivrpT,T» 4. 
A cleaned steel sheet can be success- 

N 

10 folly coated by treating it with an — 

5, 

solution of zinc dihydrogen phosphate 
(determined by phenol-phthalein) con- 
taining 0.4% of hydroxylamine, at a 
temperature of 80° C. 
15 Example 5. 

A cleaned steel sheet can be success- 
fully coated by treating it at a tempera- 

N 

ture of 15° to 80° C. with an — solution 

5 

of manganese dihydrogen phosphate 
20 (determined by phenol-phthalein) con- 
taining 0.4% hydroxylamine. 
Tf in any of the above exai 



is attached to a hydrocarbon residue not 
directly but through the agency of a 
single nitrogen atom. 

4. A process for improving the resist- 
ance of metal to corrosion by treat big 
the metal with a phosphate coating solu- 
tion, in which the action of the solution 
is accelerated by means of an accelerat- 
ing compound in which a nitro group is 
attached to a hydrocarbon residue 
directly or through the agency of a single 
nitrogen atom. 

5. A process for improving the resists 
ance of metal to corrosion by treating 
the metal with a phosphate coating solu- 
tion, in which the action of the solution 
is accelerated by means of an accelerating 
compound in which a nitroso, amine 
oxide, trichlormethyl or aldehyde group 
is attached to a hydrocarbon residue 
directly or through the agency of a 
single nitrogen atom. 

6. A process according to any of the 
preceding claims, in which the hydro- 
carbon residue is unsubstitutecL 

7. A process according to any of Claims 
1 to 5, in which the hydrocarbon residue 
is substituted. 
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75 



85 



0.001% of copper (calculated as the 
metal) is added to the solution, for in- 
25 stance in the form of the nitrate or 
carbonate, a darker and slightly heavier 
coating is obtained, and the addition of 
zinc nitrate results in a alight further 
acceleration. 
30 Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

35 1. A process for improving the resist- 
ance of metal to corrosion by treating 
the metal with a phosphate coating solu- 
tion, in which the action of the solution 
is accelerated by means of an accelerat- 

40 ing compound in which there is directly 
attached to hydrogen or a hydrocarbon 
residue a non-ionic group (other than a 
cyanide or isocyanide group) which, if 
substituted into a benzene ring, would 

45 have a meta-directing influence to typical 
electrophilic reagents. 

2. A process for improving the resist- 
ance of metal to corrosion by treating 
the metal with a phosphate coating solu- 

30 tion, in which the action of the solution 
is accelerated by means of an accelerating 
compound in which there is directly 
attached to hydrogen or a hydrocarbon 
residue a non-ionic group (other than a 

55 cyanide or isocyanide group) which if it 
were introduced into a benzene ring 
would be electron-attracting, 

3. A modification of the process of 
Claim 1 or 2, in which the said group 



~S. A process for improving the resist- 
ance of metal to corrosion by treating 
the metal with a phosphate coating solu- 90 
tion, in which the action of the solution 
is accelerated by means of hydroxyl- 
amine. 

9. A process according to Claim 4, in 
which the said compound is nitro- 05 
methane, nitrobenzene, or picric acid. r . 

10. A process according to Claim 4, in 
which the said compound is a nitraniline, 
a nitrophenol, a nitrobenzoic acid or a 
nitroresorcinol. 100 

11. A process according to Claim 4, in 
which the said compound is nitroux*ea or 
nitrourethane. 

12. A process according to Claim 4, in 
which the said compound is nitro- 10; 
guanidine. 

13. A process according to Claim 5, in 
which the said compound is formaldehyde, 
chloral, benzaldehyde, ^-nitrosophenoi, 

y -nitroso -dimethylanilinc or nitroso-N- 110 
methylurethane . 

14. A process according to Claim 5, in 
which the said compound is trichlor- 
acetic acid or an ester thereof. 

15. A process according to any of the 115 
preceding claims, in which a nitrate, 
nitrite or other oxidising agent accelerator 

is present in addition to the said accelerat- 
ing compound. 

16. A process according to any of the 120 
preceding claims, in which a copper com- 
pound or other metallic accelerator is 
present in the coating solution. 

17. A process according to any of the 
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preceding claims, 
of iron or steel. 

A modification of the process of 
any of the preceding claims, in which 
the coating solution is not a phosphate 
solution but a solution containing the 
acid radical of an aliphatic dicarboxyiic 
or hydroxy-dicarboxyJic acid or of * an 
aromatic carboxyhc, phenolic-carboxvlie 
or sulphonic acid. 
19. A process substantially as de- 



ll 



any one of the 



ted to the coating scribed with referenl 
Examples. 

20. Metal which has been rendered of 
improved resistance to corrosion bv anv 15 
of the processes of the preceding claims. 

Dated this 28th dav of January 1939 
For the Applicants : 
GILL, JENNINGS & EVERY 
Chartered Patent Agents, 
01/52, Chancery Lane, London, W.C.2. 
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